The laryngeal plug is a little-known device developed by Arthur E. Guedel in the 1930s. The device was an alternative to the inflatable cuff used on tracheal tubes. Guedel did not publish a description of the laryngeal plug and the most detailed description of it was published by Gilbert Troup, an Australian anaesthetist.
Arthur Ernest Guedel (1883 Guedel ( to 1956 is well known for several major developments in anaesthesia: charts of the stages of anaesthesia 1 , inflatable cuffs for tracheal tubes 2 and the Guedel oropharyngeal airway 3 . During the First World War, Guedel travelled around France to supervise and teach anaesthesia to orderlies and nurses, and developed charts of physical signs and stages of anaesthesia to aid his trainees 1 . In the late 1920s Guedel began experimenting with inflatable cuffs for tracheal tubes, and he and Ralph M. Waters (1883 to 1979) of Madison, Wisconsin, described the inflatable cuff in 1928 2 . Guedel's dog, Airway, was the star of the 'dunked dog' demonstration. The dog was anaesthetised, intubated with a cuffed tracheal tube, and immersed in water for the duration of a lecture, at the conclusion of which it was awakened and extubated. In 1933, Guedel described his eponymous oral airway 3 which is still widely used today. The airway was initially made of rubber (with a metal insert) so that it was less traumatic than the metal airways that were then widely used.
Guedel also developed a little known device, the laryngeal plug ( Figure 1 )-this device was mounted on a tracheal catheter, and pushed between the vocal cords, thereby 'plugging' the glottis. Guedel did not publish a description of his device, which was briefly marketed by the Foregger Company, Inc., New York. This article will describe the laryngeal plug, how it might have been used and an Australian connection. Gilbert Troup, an Australian anaesthetist, probably saw the laryngeal plug when he met Guedel in 1935.
Troup's brief description of the laryngeal plug ( Figure  2 ) 4 is the most detailed published description of the device.
GILBERT REYNOLDS TROUP
Gilbert Reynolds Troup (1896 to 1962) graduated from the University of Melbourne in 1922 and shortly thereafter moved to Perth, Western Australia. Troup was a foundation member of the Australian Society of Anaesthetists in 1934, and was elected its second 
GUEDEL'S LARYNGEAL PLUG
The Arthur E. Guedel Memorial Anesthesia Center, San Francisco, California, holds Guedel's unpublished description of the laryngeal plug (uncatalogued manuscript, titled 'The Laryngeal Plug'). This two-page typewritten manuscript appears to have been intended for publication. It is undated, but has a handwritten annotation, "circa 1932", on the first page. Guedel did not provide a date for the development of the laryngeal plug or any information on its commercial availability. The laryngeal plug was made of sponge rubber (rubber that is manufactured with a foaming agent to create a sponge-like structure). Guedel described it as self-retaining in the larynx. The plug provided a similar seal to the inflatable cuff and fitted the "average larynx between the ages of eight years and sixty" (its use in such a wide age range may be attributed to its tapered shape). It was sterilised by boiling or immersion in alcohol. A string was attached to the plug to prevent it being "lost" in the trachea. According to Guedel, "Such an accident is conceivable". Talc powder was used to assist in sliding the plug over the tracheal tube. The plug was lubricated with a greaseless surgical lubricant prior to intubation, which was accomplished with either an obturator or a laryngoscope and forceps ("preferably of the Magill type"). There was no recommendation regarding topical anaesthesia of the larynx. Guedel thought the laryngeal plug caused less coughing during anaesthesia than the inflatable cuff, but he was cautious about recommending it for surgery in the mouth and nose because it had not been shown to be as safe as the inflatable cuff: "Although the plug may be as certain as the balloon in preventing aspiration of operative debris, it has not yet been trusted where this is a danger".
Similarities in the descriptions of the laryngeal plug by Troup 4 and Guedel suggest that Troup may have read or received a copy of Guedel's manuscript on the laryngeal plug. According to Troup, Guedel claimed a catheter with the plug was easier to insert than a catheter with an inflatable cuff. This may be a personal communication, because no such claim was found in Guedel's manuscript.
The shape of the laryngeal plug is similar to the conical tip of the Fell-O'Dwyer apparatus ( Figure 3 ) which was used in the 1880s in the management of acute diphtheritic laryngitis.
No patent for the laryngeal plug was found and no specimens of it are known to exist. The only known image of the laryngeal plug was found in an undated catalogue of the Foregger Company, Inc, New York (Catalog No. 7). The laryngeal plug was not listed in Catalog No. 8 of the Foregger Company, published in 1942.
Harold R. Griffith (1894 Griffith ( to 1984 , a pioneer in the use of curare during anaesthesia, used the laryngeal plug in the 1930s 6, 7 . Griffith wrote in 1935 that the laryngeal plug had been devised "within the last few months" 6 . According to Griffith, the size of the plug "makes it more difficult to introduce than the inflatable cuff, but once in the larynx, it makes a satisfactory closed circuit without laryngeal or tracheal irritation" 6 .
Gillespie referred to the laryngeal plug in his book, Endotracheal Anaesthesia: "If a completely gas-tight endotracheal anaesthetic is desired, an inflatable cuff or laryngeal plug must be used" 8 . Gillespie's only reference regarding the laryngeal plug was a personal communication from Guedel.
A BRIEF HISTORY OF TRACHEAL INTUBATION UP TO 1950
The earliest known orotracheal intubation for anaesthesia and surgery was performed by Sir William Macewen (1848 to 1924) in 1878 9 . After the First World War, Edgar Stanley Rowbotham (1890 Rowbotham ( to 1979 and Sir Ivan Whiteside Magill (1888 to 1986) popularised blind nasotracheal intubation 10 . Another milestone in the history of tracheal intubation was the description by Guedel and Waters of the inflatable cuff for tracheal tubes 2 . Despite these developments tracheal intubation was infrequently utilised in the 1920s and 1930s.
In 1935, Troup commented in his report on the practice of anaesthesia in the United States 4 , "Endotracheal methods are not used so extensively as in this country [Australia], except in a few of the centres. I understand that the visit of Magill a few years ago gave a great fillip to this technique in America". In 1929 and 1930, while visiting the United Kingdom, Troup was himself instructed on endotracheal intubation by Magill.
Statistics from the Mayo Clinic, Rochester, Minnesota, provide an objective indication of the use of tracheal intubation in the 1930s 11 . There were only 83 tracheal intubations in 1928 (none for colonic surgery), 300 tracheal intubations in 1930 and 2309 tracheal intubations in 1940 (an eight-fold increase in a decade). Between 1931 and 1935, there were 13 recorded uses of tracheal intubation for surgery of the colon, while in 1940 this number had increased to 114. The total number of procedures under anaesthesia was not provided by Lundy. It should be remembered that this was the era before the clinical use of muscle relaxants. Curare was introduced into anaesthetic practice following a clinical report by Griffith and Johnson in 1942 12 and the first clinical trials of succinylcholine were conducted in the early 1950s.
CONCLUSION
Guedel probably developed the laryngeal plug because of concerns about tracheal irritation from inflatable cuffs. He did not publish his manuscript on the laryngeal plug or state when he developed the device. According to Griffith, it was developed around 1935 6 . The laryngeal plug was briefly marketed in the late 1930s, but it had several limitations. It made tracheal intubation more difficult and did not protect the airway as reliably as the inflatable cuff. Stimulation of the laryngeal reflexes and difficulty in maintaining its position in the larynx may have also limited its appeal. The plug is now a curious relic, but it illustrates the evolving concerns about complications of tracheal intubation, and protection of the respiratory tract from aspiration.
